Previous investigations have shown the very frequent occurrence in infectious mononucleosis of abnormal findings on liver function tests (1-7), and of hepatic involvement on histologic examination of both autopsy (8-11) and biopsy material (1, 12-14) in cases with and without jaundice.
tests, notwithstanding the various interpretations advanced to explain the mechanisms of these tests (16) (17) (18) (19) (20) (21) (22) .
The present work was undertaken to study in detail the serum proteins in infectious mononucleosis by the electrophoretic method and to examine separated protein fractions for the presence of heterophile antibodies.
METHODS
The electrophoretic runs were performed with the standard apparatus and technique described by Longsworth (23) (Sample removed contained all components except albumin.)
The four ales obtained from each serum were: (1) separated albumin, (2) serum without albumn, (3) serum without gama-globulin, (L4) separated gamma-globulin.
FIG. 1
The albumin peaks are indicated by "A"; the alpha-l-, alpha-2-, beta-and gamma-globulins are designated by their respective Greek letter prefixes. The unlabelled peaks next to the gamma-globulins are not protein components but are stationary anomalous boundaries due to gradients of buffer salt. Each steep peak reaching top of photograph is due to the sharp gradient between buffer and protein solution occurring at the level of the capillary tip after withdrawal of a sample.
CONCENTRATION I JI II CONCENTRATION FIG. la. CONCENTRATION DIAGRAM OF SERUM COMPONENTS IN CELL AFTER ELECTROPHORESIS *
Buffer salt concentration is designated by "i," albumin by "A," and the alpha-i-, alpha-2-, beta-, and gamma-globulins by their respective Greek letter prefixes.
The solid line curves indicate the concentrations of components. The dotted lines are outlines of electrophoretic patterns as photographed, and show refractive index gradients caused by the components. Since the dotted lines represent the slopes (first derivatives) of the solid line curves, the areas under the peaks of the electrophoretic patterns give the relative concentrations of protein constituents.
buffer of pH 8.6 and ionic strength 0.1. After dialysis against the buffer the serum was diluted with buffer solution to four times its original volume prior to dialysis.
Electrophoresis was carried out at approximately 1.50C. for 120 minutes at a potential gradient of 7.7 volts per centimeter. Photographs were taken by the schlieren scanning method.
In the estimation of the fractions as per cent of the serum proteins both ascending and descending patterns were used, the areas being divided by ordinates from the nadirs between peaks to the base line. The quantities of the fractions as grams per cent represent the products (24) of the percentages and the total proteins from the conventional Kjeldahl method, neglecting recent theoretically valid refinements (25, 26) .
The separation of fractions was carried out by means of a capillary pipette lowered into the electrophoresis cell by rack and pinion. In this manner four fractions were obtained. From the ascending limb the separated albuimin layer above the other components was aspirated.
The pipette tip was then lowered further into the cell to a point just above the start of the ascending gammaglobulin peak and a sample was drawn off containing all components except gamma-globulin ( The dialyzed buffer diluted serum (not subjected to electrophoresis) served as a control.
The results of the heterophile antibody titrations are listed in Table III . The figures express "final serum dilutions," considering the samples of fractions or controls as representing the "undiluted serum"; actually the controls were 1: 4 dilutions and the fractions were still further diluted to an indeterminate extent.
As shown in Table III , heterophile antibodies were demonstrated in the separated gamma-globulin in every case, and were never present in the separated albumin. Heterophile antibodies were absent from the serum without gamma-globulin in seven of the ten experiments recorded, but present in three.
The low titres in the separated gamma-globulin samples in comparison with the controls were presumed due to the unavoidable dilution in the process of fractionation. To test the supposition that these samples contained minute amounts of protein, micro-Kjeldahl determinations were done. on three samples of separated gamma-globulin with the following findings (after subtraction of buffer nitrogen): T. S., 12th day-30.8 mg. nitrogen per 100 cc. D. C., 24th day-22.4 mg. nitrogen per 100 cc. M. W., 11th day-18.2 mg. nitrogen per 100 cc. Assuming a nitrogen factor of 6.25, these samples contained approximately one-tenth to oneseventh the gamma-globulin concentration of their respective undiluted whole sera.
Attention was directed toward the occurrence of heterophile antibodies in a few of the samples of serum without gamma-globulin. It was suspected that the separations might not be accurate, but this appeared quite unlikely on study of the photo-showed heterophile antibodies in the serum withgraphs taken after the steps of the separation pro-out gamma-globulin, there were none in the cedure in the manner of Figure 1 . analogous sample on the 23rd day, as shown in Although L. M. on the 13th day of illness Figure 2) were performed on the three samples in question. Because part of each sample (already dilute) had been used for heterophile antibody titration, it was necessary to add buffer to obtain the 2 cc. required for a micro-cell run. Consequently, the peaks were quite low and the patterns could be interpreted as no more than suggestive evidence of the absence of gamma-globulin.
Absorption of Heterophile Antibodies
By absorption with sheep red cells the heterophile antibody titre of the serum of G. B. (19th day of illness) was reduced from 1: 2048 to 1: 39.
The electrophoretic patterns before and after antibody absorption were practically identical.
DISCUSSION
The serum protein compositions of the infectious mononucleosis patients showed definite diminutions of the albumin fractions and elevations of the gamma-globulin fractions as compared with normal sera. Less pronounced and less frequently observed deviations from normal were the elevations of the alpha-i-globulin and beta-globulin fractions.
The cases studied were limited to hospitalized patients in whom the diagnosis could be made with certainty; it cannot be asserted that an unselected series would necessarily have shown as pronounced changes.
Numerous investigators have observed generally (16-22) . The concomitance, however, of occasional hyperbilirubinemia, frequent elevation of alkaline phosphatase activity (2, 5, 6) , and histopathologic evidence of liver involvement (1, (8) (9) (10) (11) (12) (13) (14) makes plausible the association of disturbed hejatic function and the alterations of the serum proteins. Such a conception is not in any sense incompatible with the probable extra-hepatic origin of serum globulins.
That the widespread pathologic involvement of the lymph nodes and the foci of mononuclear cell infiltration in various organs may be directly responsible for changes in the serum proteins is an attractive hypothesis. This idea has been advocated on the basis of electrophoretic findings in infectious mononucleosis and the blood dyscrasias, the latter group exhibiting rather varied alterations (15) .
The possibility that the changes in the serum proteins in infectious mononucleosis may be related to the infectious process per se deserves consideration in the light of somewhat similar abnormalities described in infectious diseases such as syphilis, tuberculosis, typhus, malaria, lymphogranuloma venereum, leprosy, kala-azar, and others (34) . It must, however, be noted that most of the above conditions are characterized by chronic proliferative granulomata or by widespread cellular destruction, hence are not too closely analogous to infectious mononucleosis. On the other hand, in lobar pneumonia there are conspicuous elevations of the alpha-2-globulins usually without significant changes in the gammaglobulins (34, 35) .
In an effort to compare the findings in infectious mononucleosis with those in infections of approximately similar severity but without known hepatic disorder, the sera of two hospitalized cases of upper respiratory tract infection were analyzed electrophoretically with the finding of normal patterns. It would appear that the extent to which the serum protein changes are attributable to the non-specific effects of the infectious process is debatable.
That the gamma-globulin increase could be due to the heterophile antibodies is excluded by the experiment showing no change in electrophoretic pattern after antibody absorption. In other human diseases absorption of clinically important specific antibodies has produced no change in electrophoretic pattern, the antibodies being present in too small quantities to cause visible alterations in schlieren patterns even though easily detectable by serological methods (34, 36) . Immuno-chemical studies corroborate the minute concentrations of antibodies in human serum (37) .
The data on the distribution of heterophile antibodies in relation to the serum protein fractions are interpreted as indicating that they are predominantly in the gamma-globulin fraction, not always being exclusively confined to this fraction.
The occurrence of various antibodies in the gamma-globulin fractions of animals has been demonstrated repeatedly (37, 38) since the original work of Tiselius and Kabat (39) showing pneumococcal antibodies in the gamma-globulins of rabbit and monkey sera. It must, however, be recalled that Tiselius and Kabat found in the horse that pneumococcal antibodies migrated between the beta-and gamma-globulins forming a separate peak. Since then equine antibodies to diphtheria toxin, tetanus toxin, and others have been found outside the gamma-globulin fraction (37, 38) . Virus-neutralizing antibodies to Venezuelan and Western equine encephalomyelitis have been demonstrated in both the beta-and gammaglobulins of rabbit sera (40) .
The extensive work of Enders (41) on the products of human plasma fractionation revealed that Fraction II, composed of almost pure gammaglobulin, contained in high concentration antibodies reacting with diphtheria toxin, streptococcal erythrogenic toxin, influenza A virus, mumps virus, and the H-antigen of E. typhosa. On the other hand, isoagglutinins and antibody reacting with the O-antigen of E. typhosa were recovered from Fraction III-1, containing mostly beta-globulin and less gamma-globulin. Furthermore, smaller amounts of the antibodies concentrated in Fraction II were found in other fractions free of gamma-globulin. Subsequently, division of human gamma-globulin into sub-fractions with differ-ing antibody contents has been reported (42) .
Electrophoretic separation of sera from allergic patients has suggested that ragweed and rabbit antibodies (or reagins) are confined to the gammaglobulin fraction (43) .
In a study employing electrophoretic, ultracentrifugal, and immuno-chemical methods the Wassermann antibody (or reagin) has been clearly shown to have a mobility intermediate between beta-and gamma-globulins and overlapping both (44) .
It is hoped that the present findings on heterophile antibodies in infectious mononucleosis will be supplemented by further physico-chemical studies. SUMMARY 1. Electrophoretic analyses of the serum proteins of seven cases of infectious mononucleosis revealed deviations from the normal composition in both jaundiced and non-jaundiced patients.
2. The principal abnormalities observed were diminutions of the albumin fractions and elevations of the gamma-globulin fractions.
3. Less pronounced and less frequently observed alterations were elevations of the alpha-iglobulin and beta-globulin fractions.
4. Liver function tests showed abnormalities in six of the seven cases.
5. The alterations of the serum proteins were considered as possibly related to hepatic dysfunction, among other hypotheses entertained.
6. Separation experiments indicated the heterophile antibodies were contained predominantly in the gamma-globulin fractions of the sera, not always being exclusively confined to this fraction.
